ABSTRACT: Non-metropolitan landscapes are the major theatre of interactions where large-scale alteration occurs precipitated by local to global forces of economic, social and environmental change. However, these regional landscape effects are critical also to local natural resource and social sustainability, ecosystem health through to larger scales of biospheric functioning. The institutions contributing pressures and responses consequently shape future landscapes and in turn influence how social systems, resource users, governments and policy makers perceive those landscapes and their future. These are, in essence, complex social-ecological systems intertwined in a multitude of ways at many spatial scales across time. Over time, the cycles of complex social-ecological systems also reach crossroads, which might be crisis points at which future options are no longer available (possibly because of resource degradation or loss), or turning points where opportunities arise when it is easier to change direction towards more sustainable activities. This paper provides some examples of interdisciplinary research that has provided a holistic integration through close engagement with residents and communities or through deliberately implementing integrative high-risk 'on-ground' experimental models to 'learn by doing'. In the final analysis, each project has characteristically, however, sought to integrate through spatial (if not temporal) synthesis, policy analysis and (new or changed) institutional arrangements that are relevant locally and corporately, as well as at broader levels of government and geography. This has provided transferable outcomes that can contribute real options and adaptive capacity for suitable positive futures.
BACKGROUND AND INTRODUCTION
Globally, resource crashes and concurrent social dysfunction in rural and regional communities have been at higher levels over the past decade than in recorded history (e.g. Berkes et al. 2003) .
1 Many countries, including Australia, share these characteristics with additional challenges provided by diverse variables such as climate and institutional and policy intransigence (Reeve 1992) . Institutional degradation by international aid organisations and the World Bank has pushed many areas of third world countries unnecessarily towards resource crises and associated social dysfunction (see various critiques by Bromley; Bromley 1991 Bromley ,1992 . Increasing demands on landscape ecological function to provide goods to the very highly consumptive western world such as USA, Europe and Australia is escalating pressure on local resources and cultures of both east and west. The Amazon and Asia are not alone in the pressures applied by the greedy West for resource extraction (and subsequent social and ecological breakdown). Australia is currently mining its natural resources in unsustainable agricultural production to satisfy 50 million people who live primarily in the USA (also Japan and Europe). This paper focuses on new insights and directions from landscape ecology and analysis of biocultural regions which is particularly relevant to lessons, new directions and novel institutional forms the western world should be turning towards. Because all other countries also have their own culturally defined systems of resource use and management for sustainable rural livelihoods that have a landscape context the ideas presented here might also be of wider use.
Landscapes are shaped by the interaction of social and ecological systems. Past resource use and interacting social-ecological systems have shaped the function and patterns of landscapes. Humans continue to shape the current and future use, productivity and patterns of sustainability of landscapes and whole regions. Efforts to overcome the degradation of ecological resources supporting society and economies are, however, constrained by a lack of understanding of linked socialecological systems (Brunckhorst 2002) , and the required eco-ethical change in human values.
2 These complex systems might be viewed as landscape mosaics (after Forman 1995) -a jigsaw of interacting human and natural systems operating at multiple scales (Brunckhorst 2000a (Brunckhorst , 2002 . Learning and change often appears to be very hard in human dominated systems, however it is becoming clearer that cultural values and institutional arrangements are critically important. Increasingly, these systems end up irreversibly changed with greatly reduced capacity to support human activity.
A growing number of scientists, social and policy commentators and the general public recognise the increasing urgency for human society to become more flexible and adaptable in shifting towards more sustainable resource use, activity and governance. There is a growing consensus, both among policy-makers and researchers that, while biophysical scientific understanding has been crucial to the development of improved agricultural practices, the first priority is now an improved integration of ecology with the economics, sociology institutional arrangements and politics of the transition to a sustainable agriculture and associated resource use (e.g. water).
Systems of natural resource use, local government and regional development need to be compatible with the dynamics of the ecological services and resources involved, and with the social and institutional characteristics of the communities to which resource users belong. The ecological sustainability of future landscapes and their capacity to support human communities and resource use is actually dependent on a range of institutions society uses over time. It will depend less on the ecosystems themselves, though more resilient ones might predominate, leaving fewer options for types of resource use.
The laws that govern the processes of natural systems are fixed; therefore, opportunities to significantly improve resource management outcomes will rely on our ability to modify our social systems to better serve our long-term interest in the natural world.
3 In practice, however, social change seems to be incredibly difficult to achieve. Nevertheless, society 4 and its institutions 5 may need to become more capable of substantial transitions over shorter time scales to adapt to pressures of change, including social ramifications of reduced resource capacity or alternative ecosystem uses and restoration. Such transformations might require novel approaches if humanity is to find realistic solutions to social and environmental sustainability issues providing long-term resilience, because the community can adapt with matching civic skills and knowledge. More effective spatial representation of these features is likely to greatly improve community engagement and participation. An increasing number of authors are refocusing attention on ecological sustainability issues related to community and administrative arrangements for a more integrative understanding of land use, urban infrastructure and services, local planning, and regional development. This timely shift might be seen as consideration of 'biocultural appropriateness' for institutional, urban and rural capacity building for natural resources management (see, for example, Forman 1995; Gunderson et al. 1995; Hanna et al. 1996; Holling & Meffe 1996; Omernik & Bailey 1997; Berkes & Folke 1998; Brunckhorst 1998 Brunckhorst , 2000a Brunckhorst , 2001 Brunckhorst , 2002 Knight & Landres 1998; Reeve 1998; Brunckhorst & Mouat 2000; Cairns J Jr (2003) Integrating top-down/bottom-up sustainability strategies: an ethical challenge, ESEP 2003:1-6, available online at http://www.int-res.com/articles/esep/2003/E26.pdf) 4 A social system refers to any group of people who interact long enough to create a shared set of understandings, norms, or routines to integrate action and established patterns of dominance and resource allocation 5 The term 'institutions' refers to sets of formal and informal rules and norms that shape interactions of humans with others and with nature Future sustainability will require systems of resource governance 6 that mediate the relationship between society and the economy on one hand, and continuation of ecosystem functional processes on the other. Therefore, the human dimensions of landscapes must be integrated with policies, administrative frameworks and plans to repair and sustain ecological systems and functions.
The term 'integration' as used in this paper, refers to a holistic understanding of complex interacting socialecological systems, rather than approaches that attempt to reassemble separately studied components to elucidate meaning. A whole view of and immersion in real, though complex, interacting systems will encompass unique properties that materialise from the interacting systems, and is likely to provide more realistic and practical solutions for natural resource management and human needs (Brunckhorst 2000a (Brunckhorst , 2002 .
LANDSCAPE INTEGRATION
Landscapes are a social construct, but they are also inherently diverse and embody a multitude of values for their inhabitants. Rural landscapes include people and communities, resource production and related industries, economies and political institutions, biodiversity and ecological systems (Fig. 1 ). These components operate at various scales and also interact at a variety of levels. Constant change is the normal state. However, the pressures of change on economies, ecological services and resources, and towns and communities are increasing -indeed, all components are struggling. Single issue or narrowly focused approaches to solutions are unlikely to have lasting benefits. It is recognised that broad, more integrative approaches are required and that a 'suite of tools' for diverse landscape contexts would be useful.
Scale is a critical attribute (see Norton & Ulanowicz 1992; Slocombe 1993) . The landscape scale is the main scale of human interaction with the environment. The landscape-regional context links multiple spatial and temporal scales of biodiversity with human uses and socio-economic imperatives. Human systems for environmental management, however, tend to be more narrowly focused and sectorally based (e.g. fisheries, forestry, national parks). The foundation for a sustainable future is the continuance of ecological processes and functions across multiple spatio-temporal scales (Noss 1983; Norton & Ulanowicz 1992; Brunckhorst 1995 Brunckhorst , 1998 . It is also becoming evident that actions to sustain ecological systems, flows and functions must be integrated across regional landscapes. Such regions encompass natural areas, human living places (that include rural or oceanic production), and a mosaic of other land uses (Slocombe 1993; Brunckhorst & Bridgewater 1995) . Therefore, actions to sustain ecological systems, flows and function must be integrated across both the human and ecological dimensions of regional landscapes.
There is still too little understanding of the relationship between society and its institutions (including their spatial function) and ecosystems at the scale of regional landscapes or biocultural region (Brunckhorst 2000a) . No matter where on the globe, future sustainability will depend on the system of resource governance that mediates the relationship between local communities and the economy on one hand, and continuance of ecosystem functional processes on the other. Methods need to be developed that recognise and account for the scales of influence that interconnected social and ecosystem functional elements have on one another. It will then be possible to demonstrate how ecosystem functional capacity might dictate resource governance (Brunckhorst 1998; Brunckhorst & Rollings 1999) . Real applications include resource planning and management, environmental planning and rehabilitation, rural and agricultural planning, 'Governance is the capacity of self-organizing systems to govern themselves, and includes not only formal government authorities and agencies, but also an array of private sector and non-governmental organisations as well as communities. Stewardship is the expression of this capacity in the form of "responsible custody" of human ecosystems, and therefore requires competence, vigilance, and ethics of responsibility and accountability for the sustainability of human ecosystems' (Francis & Shannon 1999 , from Shannon 2000 Fig. 1. Landscapes are the result of complex interacting cultural, institutional and physical processes reflecting human values, identity and activities (After Brunckhorst 2002) urbanisation policies, infrastructure planning and more thoughtfully integrated development aid programs.
Human activity is a major change force shaping landscapes. Past change has provided us with our present starting point -there is no point 'winding back the clock'. However many lessons have been learnt, new information is available and there is a pressing need to attempt to influence, in a more 'holistic' and sustainable manner, change towards future (time plus) sustainable rural landscapes and compatible industries. Perhaps this is in part what 'integration' is about -both from applied interdisciplinary research and improved 'learning-by-doing' (adaptive or experimental management) in 'on-ground' (real) complex social-ecological systems contexts. Such integration, to be effective in use, will necessarily include innovative 'redesign' of human institutions and activities and their influences across Australian landscapes.
Enduring ecological, social and economic sustainability requires integrated planning and management of natural resources, ecological functions and primary production across anthropogenic landscapes. This will require changes to social norms, and new institutions and organisational forms. Systems of natural resource use, community functions, local government and regional development need to be compatible with the dynamics of the ecological services and resources involved, and with the social and institutional characteristics of the communities to which resource users belong. These issues are best studied at a regional landscape scale to allow effective integration and redesign of human dominated landscapes.
DISCIPLINARY INTEGRATION AND INNOVATION
Social systems, ecological function and resource systems and economic systems are highly complex, dependently intertwined networks. These interconnected systems operate across landscapes at various scales often viewed collectively through some geographical framework (for example, within a Local Government area, a water catchment, ecoregion, state). Much recent academic literature, and indeed science policy (e.g. Australian Prime Minister's Science, Engineering and Innovation Council 1998), has been arguing for more integrated multi-disciplinary research in these areas. Approaching the task of studying such systems and bringing methods together to synthesise new insights, new knowledge, new technologies and practical benefits is, in itself, complicated and difficult to frame.
A 'system' is characterised by strong, usually nonlinear interactions and continual feedbacks, thus making causal resolution very difficult or impossible. Due to the existence of diverse hierarchies, systems are generally non-additive (the whole is not simply a sum of parts) (von Bertalanffy 1968) . Classical reductionist science aims to find linear causalities, and basic 'elements' which directly add-up. The interaction of ecosystems, social systems and economic systems of landscapes and regions clearly exhibit characteristics of complex, networked, cross-scale systems (Costanza 1993 ). These will not be well understood using the methods of classical science. Nevertheless, some means of at least partly isolating the subject of study is needed, as well as some cross-scale, but spatially explicit integrative capability. This capacity is provided through a 'landscape' approach grounded in landscape ecology theory (Forman & Godron 1986; Kim & Weaver 1994; Platt 1996; Power 1996; Brunckhorst 1998 Brunckhorst , 2000a Odum 1998) . Case studies and 'onground' experimental models are also valuable in contributing integration and synthesis (e.g. Ostrom 1990; Gunderson et al. 1995; Brunckhorst et al. 1997; Berkes & Folke 1998; Brunckhorst 1998 Coop & Brunckhorst 2000; Gunderson & Holling 2001) .
7 There is little focused and coordinated effort to undertake this kind of research. Encouraging new ideas and transdisciplinary research training is problematic, particularly in industrialised countries that focus on reductionist specialisation (often for commercialisation) rather than holistic solutions towards sustainability.
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Proponents of any scientific field, method or viewpoint will generally build their arguments on theory. Different approaches and viewpoints, however, are built on different theories, all of which are correct, at least in the sense of being partially tested and credible representations of one part of reality. They do not cover the whole of reality for all systems. Therefore new holistic integrative systems research into the ecological and social processes that occur and interact at various scales across landscapes requires a multi-theoretical basis if integrative theories are lacking. Major theoreti- cal concepts, approaches and methodologies underpinning this research programme come from integrative fields of landscape ecology, landscape design, systems and hierarchy theory and experimental or adaptive management approaches, urban and regional planning, sociology, psychology, law, institutional analysis and design, new institutionalist economics, environmental and resource sciences, and applied research.
The biophysical components of the biosphere occur in various interacting processes and functions creating patterns at scales from nanometres to thousands of kilometres. Landscape ecology provides a grounded approach to study these systems, including the humans (and their institutions) that shape them (Forman & Godron 1986; O'Neill et al. 1986; Urban et al. 1987; Forman 1995) . Through development and use of computer-based spatial information systems, landscape ecology can be a very powerful tool for integrating and synthesising large amounts of complex data and patterns having explicit contexts and locations on the earth's surface. Design involves courses of action aimed at changing existing situations into preferred ones (Herbert Simon, in Steinitz 1993) . Landscape design provides a conceptual framework bringing together ecosystems, resource use and human service and infrastructure needs for a different approach to planning local to regional areas (Lyle 1985; Steinitz 1993; Van Der Ryn & Cowan 1996; Johnson & Hill 2001) .
As discussed above, systems theory and analysis recognises groups of interacting, interdependent groups (systems) linked by complex exchanges, and influences on each other need to be studied together as much as possible so as to help reflect reality (von Bertalanffy 1968; Costanza 1993) . To minimise complexity, but retain the reality of interactions, systems researchers look for boundaries that substantially reduce interactions between system elements or other systems. A considerable body of work has developed around hierarchy theory -multiple scales of such 'boundaries' and 'nesting' occurring in natural and human systems (Pattee 1973; O'Neill et al. 1986; Urban et al. 1987; Hansen & di Castri 1992; Odum 1998) .
With the application of new institutionalist approaches in the social sciences (Eggertsson 1990; North 1990; Black 1997; Challen 2000) , derived from various subfields of economics (theory of the firm, industrial organisation, law and political science), there has been considerable theoretical development in recent years with respect to the relationships between institutions and sustainable resource use (Ostrom 1990; Bromley 1991 Bromley , 1992 Hanna et al. 1996; McKean 1996 McKean , 2000 Berkes & Folke 1998; Brunckhorst 1998; Cortner et al. 1998) . This theoretical body is of particular use in integration research programmes, in particular approaches to institutional analysis (Douglas 1986; Ostrom 1990 Ostrom , 1998 Gunderson et al. 1995) and institutional scales and design (Goodin 1996; Hanna et al. 1996; McKean 1996; Singleton 1998; Ostrom et al. 1999) .
Transforming institutions and practices, as well as research approaches, requires learning and adaptation. The body of theory and research around active learning and adaptive management (Walters 1986; Walters & Holling 1990; Gunderson et al. 1995; Walker 1995; Holling 1998 ) is an important component to research, experimental adaptive models and case studies, as well as practical applications of Panarchy theory. The term 'Panarchy' refers to evolving hierarchical systems with multiple interrelated elements (Gunderson & Holling 2001 ) and part of a theoretical framework for studying and understanding the structure in which systems (including natural and social, as well as linked systems such as institutions for natural resources management) are interconnected in evolving, continually adaptive, cycles of growth, accumulation, restructuring and renewal (Gunderson et al. 1995; Gunderson & Holling 2001) . However, Panarchy primarily uses modelling techniques, currently with few data or practical applications. We are beginning to work on more practical, 'grounded' approaches towards a more holistic and practical understanding of real life systems shifts. This 'Turning Points' programme of research (Fig. 2) aims to better understand these transformations, to identify 'leverage' points where a system might be influenced and capable of positive change to foster resilience and sustainability, and to explore the related practical 'on-ground' activity, institutional and policy changes required to make such positive change a reality (Brunckhorst 2000a (Brunckhorst , 2002 Brunckhorst & Coop 2001 .
The bodies of theories that are integrative in nature will be used to identify where there is a need to bring in theoretical insights from some of the other less integrative disciplines. This will lead to new landscape models, the testing of which allows the identification of key areas for institutional innovation and ways to improve feedback between landscape condition and social norms and the functioning of regional economies (Fig. 2) . For example, spatial analysis of how social and economic systems, government services and other institutions operate across landscapes with particular ecosystems and productive capacities, might lead to novel applied research as well as new policies, land management and institutions.
There is a clear need to accelerate knowledge, research and novel technologies to assist adaptive change towards more integrated and reflexively competent (adaptive) land-use planning, management and regional development in human dominated agri-ecological landscapes (land use, social, economic, institu-tional planning and management, and community service delivery).
Such research is, of necessity, both multi-and trans-disciplinary in nature. However, a much greater effort to facilitate trans-disciplinary research is required, particularly across the integrative fields of landscape ecology, systems theory, Panarchy theory, new institutionalist approaches and experimental adaptive management approaches.
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Despite the inherent risks of such innovative research, adoption and transfer is likely to be much higher with the potential of much greater positive (multiplier) outcomes. Case studies, 'on-ground' experimental models and applications, together with increasing knowledge of linked social-ecological systems and applied research will provide innovative advances and adoption. Such research needs to occur at multiple scales, across property and jurisdictional boundaries, but within appropriate natural resource and socio-economic contexts, to provide options for potential new syntheses for future sustainable landscapes, enterprises and industries.
PRACTICAL RESEARCH INTEGRATION -COMMUNITY AND END-USER ENGAGEMENT
Together with novel policy synthesis, institutional adaptation and design theory, the landscape approach brings inter-disciplinary research into the dimensions for development of alternative futures, and breakpoint options for transformations explicit to a socialecological landscape (Fig. 2) -the context of people and place (e.g. Freyfogle 1998; Brunckhorst 1998, This paper is based on a regional landscape ecological paradigm relevant to all nations and continents; however, the first three theoretical bases in this list might be most applicable to developed nations already facing the consequences of resource and environmental degradation, while the landscape 'view', being important culturally to most peoples along with new institutionalist economics (with valuable techniques for understanding local, community and traditional arrangements for resource management), is most relevant to developing county issues 2000a , b, 2002 Brunckhorst & Coop 2001) . 10 This brings us back to real applications and benefits. The proposed research programme, through linked theories, with linked 'in-situ' research projects (Figs. 2, 3) , case studies and spatial analysis and coupled research will contribute a much-needed body of knowledge and technologies. These will supply additional capability for transforming interconnected social-economicecological systems to provide greater competence for positive adaptation towards enduring sustainability.
Some of the Institute's recent projects demonstrate this holistic, integrative approach and practical outcomes. The Tilbuster Commons project (Fig. 3) is an example of an applied research project that interfaces across several theoretical fields, with integration of applied interdisciplinary research and relevant outcomes through medium to long term participation with landholders directly engaged in the project (Brunckhorst 1998 Coop & Brunckhorst 1999; Brunckhorst & Coop 2003; Williamson et al. 2003) . It demonstrates and provides synthesis and resolution of Turning Points for transformations towards more sustainable social-ecological systems (Brunckhorst 2000a (Brunckhorst , b, 2002 . Other Turning Points projects such as the NSW Eco-Civic Regionalisation of NSW have been at points of potential change and transformation in terms of coinciding reform of local government and catchment and NRM management arrangements in NSW (Brunckhorst & Coop 2001) .
11 Eco-industry clustering in rural, regional development with the experimental design of industry ecosystems 12 provides a Turning Point for rural-based processing and manufacturing industries towards environmentally benign, high efficiency systems of waste reuse that have economic benefits as well.
Such systems and methods will be developed in a number of ways, including case studies, active-adaptive learning experiments ('on-ground' experimental models; e.g. Berkes & Folke 1998; Coop & Brunckhorst 1999; Brunckhorst 2000a Brunckhorst , b, 2002 and through spatial analysis and computational modelling (grounded with primary data; e.g. Brunckhorst et al. 2002) .
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CONCLUSION
Integration research addressing sustainability issues of complex linked social-ecological systems needs to be holistic (cf. a re-aggregation of reductionist studies), 
